Most cathode materials for lithium-ion batteries exhibit a low electronic conductivity. Hence, a significant amount of conductive graphitic additives are introduced during electrode production. The mechanical stability and electronic connection of the electrode is enhanced by a mixed phase formed by the carbon and binder materials. However, this mixed phase, the carbon binder domain (CBD), hinders the transport of lithium ions through the electrolyte pore network. Thus, reducing the performance at higher currents. In this work we combine microstructure resolved simulations with impedance measurements on symmetrical cells to identify the influence of the CBD distribution. Microstructures of NMC622 electrodes are obtained through synchrotron X-ray tomography. Resolving the CBD using tomography techniques is challenging. Therefore, three different CBD distributions are incorporated via a structure generator. We present results of microstructure resolved impedance spectroscopy and lithiation simulations, which reproduce the experimental results of impedance spectroscopy and galvanostatic lithiation measurements, thus, providing a link between the spatial CBD distribution, electrode impedance, and half-cell performance. The results demonstrate the significance of the CBD distribution and enable predictive simulations for battery design. The accumulation of CBD at contact points between particles is identified as the most likely configuration in the electrodes under consideration.
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global thresholding, i.e., every voxel with a value larger than the threshold is assigned to 187 the active material particles, and every other voxel to the remaining part. The threshold 188 is chosen such that the correct volume fraction of the active material particles is matched, 189 where the correct volume fraction can be calculated from the weight ratio of the materials in the paragraphs below. The amount of CBD to be distributed is mainly a result of the 216 electrode composition which is adjusted in the preparation process (cf. Section 2.1). The 217 final volume fraction depends on the densities of the components and we calculate a value 218 of 11 vol-%. The calculation can be found in Section SI-2 of the supporting information.
219
Moreover, we assume that the CBD after uptake of the electrolyte solution and swelling has 220 an an intrinsic porosity of 50 % [19, 25] . As a result the volume fraction of CBD which is 221 distributed in the pore space of the active material superstructure is 22 vol-%. The effective 222 conductivity inside the porous CBD phase is determined through conductivity simulations, 223 that are presented in Section 4.1. In combination with the data obtained by the impedance 224 measurements on symmetrical cells this approach allows to deduce the effective transport of 225 the electrodes.
226
Random. In Refs. [19, 25] the authors describe the CBD phase as a cloud-like structure 227 in the void space between active material particles. In order to reproduce this morphology, 228 carbon-binder particles are distributed randomly inside the pore space of the electrodes [19] .
229
The diameter of these particles is set to 1 µm. The random distribution of the CBD particles 230 creates a porous CBD network which is illustrated in Figure 2 b ).
231
Surface. In this algorithm, the CBD is distributed as a smooth film on the surface of the 232 active material. This corresponds to a "coating" of the active material as it is reported e.g. 14)). In the active material we assume that the transport of lithium 253 atoms is a diffusion process which can be described by Fick's law and a constant diffusion 254 coefficient D So (Eq. (18)). In the electrolyte the transport of lithium ions is more complex.
255
In addition to the diffusion process described by the first term in Eq. (16), migration of 256 the lithium ions in the electric field, as well as interactions between different ions are taken 257 into account. The constitutive equation for the determination of the electrostatic and the 258 resulting electrochemical potential of lithium ions in the electrolyte ϕ El is the conservation 259 of charge given by Eq. (13). Note, that we assume electro-neutrality of the electrolyte 260 solution at a sufficient distance from the electrode surface. This will be discussed in more 261 detail in the next section. The transport of electrons in the solid phase is described by 262 Ohm's law (Eq. (19)) and we use a corresponding charge balance Eq. (15) to determine the 263 potential Φ So . The electric conductivity of the solid phase within the electrodes is typically 264 orders of magnitude larger than the ionic conductivity of the electrolyte. Therefore, we do 265 not resolve the contribution of the CBD to the electronic transport. Instead we assign an 266 effective solid phase conductivity of the conduction network to the active material phase.
267
Details of this approach are provided in Section 3.4. In order to describe the effect of the 268 CBD on electrolyte transport, we use reduced transport properties of the lithium ions in 
where C DL is the double layer capacity, ∆Φ the difference between the electrical potential 298 in the active material and electrolyte across the double layer
(2)
Note, that in our simulations we solve for the electrochemical potential of lithium ions in the electrolyte ϕ El which is defined by [50]
Here, µ 0 El is the chemical potential of lithium ions in an arbitrary reference state and a El the 300 activity of lithium ions in the electrolyte. We assume that response of the double layer to 301 changes in the electric field is orders of magnitude faster than the transport in the electrolyte. (2)) can be approximated by
In our extended description of the interface, we assume that this double layer current i DL 306 is in parallel to the Faradaic contributions. At the cathode, the lithium de-/intercalation is 307 described by a classical Butler-Volmer expression
The parameters of the Butler-Volmer equation are the exchange current density i 00 , the 309 maximum Li concentration in the host material c max So , the symmetry factor α, and the over-310 potential driving the reaction defined by
At the metallic Li metal anode the kinetic expression reduces to
We emphasize that our approach is generic and different expressions for Faradaic processes which is exchanged between the two phases 
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In this section, we will present results of the different experimental and theoretical 
